We theoretically investigate the feasibility of nonreciprocal light propagation by using the unique features of quasiperiodic one-dimensional photonic crystals. The intrinsic spatial asymmetry of the Fibonacci sequence leads to strong non-reciprocal electric eld distribution, so the nonlinear transmission becomes sensitive to the propagation direction. In this work we emphasise on bistability and all optical switching where the switching threshold for one propagation direction is lower than that for the other. In addition we demonstrate that this structure exhibits high transmission due to the existence of high transmission resonances in its linear transmission spectrum, and these features allow creating an all-optical diode.
Introduction
An all-optical diode (AOD) is a spatially nonreciprocal device that in the ideal case, for specic wave- To this end, a variety of structures have been used, including photonic crystal (PC) waveguides with embedded nonlinear defects [3] , asymmetric multilayer structure consisting of two materials with positive and negative refractive indices [4] , structures with an axially asymmetric nonlinear absorption [5] , the ThueMorse superlattices [1] , heterostructures consisting of metal layers [2] , nanocomposite photonic crystal microcavities [6] .
The operation of nonlinear photonic multilayer based optical diode relies on two principles. First, the structure must be spatially asymmetric so that the resonant mode couples more strongly to the wave impinging from one side than from the other side. Second, the structure should be strongly nonlinear. Regardless of the strong asymmetry of the considered lattice optical diode action is impossible in the linear regime. A spectral resonance is usually employed to enhance the nonlinear interaction, also providing the structure with a highly transmissive state which is very sensitive to parameter variations.
This causes a direction dependent refractive index change due to the Kerr nonlinearity [7] . * corresponding author; e-mail: a.namdar@tabrizu.ac.ir
To increase the structure's sensitivity to the direction of incidence, it is necessary to increase the spatial asymmetry of the structure. The concept of quasiperiodicity was transferred to photonic crystals and proved to be of great value for many practical purposes [8] . Photonic quasicrystals are deterministically generated dielectric structures with a non-periodic modulation of the refractive index. In the one-dimensional case, they can be formed by stacking together dielectric layers of several dierent types according to the substitutional sequence under investigation (RudinShapiro, ThueMorse, Fibonacci, etc.) [9] .
The Fibonacci sequence is of particular importance, since it leads to the existence of two incommensurable periods in the spatial spectrum of the structure. Such behavior is typical of sequence with a so-called pure point spectrum, which makes the Fibonacci sequence truly quasiperiodic, as a consequence of the appearance of Bragg-like peaks in the spatial spectrum [10] . In this 
Linear transmission of Fibonacci photonic crystals
There are two main approaches to generate 1D quasi--periodic sequence. The rst makes use of a projection from a higher-dimensional space, while the second employs the so-called substitutional sequences [11] . Being strictly quasi-periodic, the Fibonacci sequence can be obtained by using both of the above methods. However, these two approaches are not equivalent to each other, and the use of substitutional sequences tends to be a more general procedure [12] , so it can be easily (45) A → AB, B → A. The sequence F N , with generation number N , starts with an arbitrary seed element, F 0 = A for instance, and the ination rule is repeatedly applied to obtain F 1 = AB, F 2 = ABA, F 3 = ABAAB, etc., which displays the well-known Fibonacci symmetry,
Now we consider a TE-polarized monochromatic wave to be incident normally on the n-th generation Fibonacci multilayer (nGFM) in Z direction. We use the transfer--matrix method [14] to calculate the transmitted spectrum and the electric eld intensity distribution in the structure. In Fig. 2 we investigate the linear responses of the is dierent from the other; also the electric eld intensity localized for left incidence is larger than for right incidence so we can say that the nonlinear eect in the structure for left incidence is excited at lower intensities than that for right incidence. It leads to transmission becoming sensitive to the propagation direction.
Bistability and all-optical diode action
At last we study the nonlinear transmission of 7GFM, 8GFM, 9GFM, and 10GFM as a function of input intensity for forward and backward incidences. As illustrated by Fig. 4 the structures exhibit optical bistable behavior for both right and left incidences, but bistability threshold occurs in dierent intensities for opposite incidence directions. In the region between two bistability thresholds of two incident directions, in the 7GFM e.g. the transmission of left incident light is at the upper branches due to its intensity beyond bistability threshold, whereas the transmission of right incident light is at the lower branches due to its intensity below bistability threshold. This strong nonreciprocal transmission can be useful for AODs. There are two key characteristics for all-optical diodes: low operating power and high transmission contrast, now we calculate the optimal transmission contrast for the considered structures. Transmission contrast has been dened as C = (T left − T right )/(T left + T right ) to characterize eciency of AODs by Gallo et al. [16] . From Fig. 4 it is seen that we can achieve low operating input intensities by increasing the generation number of structure. Also the optimal transmission contrast increases and occurs in higher intensities by increasing the wavelength. So it is possible to achieve higher contrast transmission by increasing the pump wavelength. However, it leads to increase in operating input intensity. For instance, in Fig. 4c So the results show that these structures are compact and it is the other merit of these structures.
Conclusions
In this paper we have theoretically studied the optical properties of the Fibonacci quasiperiodic nanostructures.
By studying the variation of the nonlinear transmission with light input intensity, for two opposite incident directions, we have found that these structures exhibit high unidirectional transmission due to high linear transmission as shown in Fig. 1 and high transmission contrast due to the strong asymmetry of the Fibonacci sequence.
Asymmetry of structure increases by increasing the generation number. So it is seen that the optimal transmission contrast increases by increasing the generation number. Also it occurs in low intensities. So these structures as the all-optical diode have high eciency in the nonreciprocation. In this connection, we expect that our studies would be helpful to create compact nonreciprocal devices and all-optical diodes in visible regime.
